Summary Falls are a costly public health problem worldwide. The literature is devoid of prospective data that identifies factors among fallers that significantly drive health care resource utilization. We found that cognitive function-specifically, executive functions-and cognitive status are significant determinants of health resource utilization among older fallers. Introduction Although falls are costly, there are no prospective data examining factors among fallers that drive health care resource utilization. We identified key determinants of health resource utilization (HRU) at 6 and 12 months among older adults with a history of falls. Specifically, with the increasing recognition that cognitive impairment is associated with increased falls risk, we investigated cognition as a potential driver of health resource utilization. Methods This 12-month prospective cohort study at the Vancouver Falls Prevention Clinic (n = 319) included participants with a history of at least one fall in the previous 12 months. Based on their cognitive status, participants were divided into two groups: (1) no mild cognitive impairment (MCI) and (2) MCI. We constructed two linear regression models with HRU at 6 and 12 months as the dependent variables for each model, respectively. Predictors relating to mobility, global cognition, executive functions, and cognitive status (MCI versus no MCI) were examined. Age, sex, comorbidities, depression status, and activities of daily living were included regardless of statistical significance. Results Global cognition, comorbidities, working memory, and cognitive status (MCI versus no MCI ascertained using the Montreal Cognitive Assessment (MoCA)) were significant determinants of total HRU at 6 months. The number of medical comorbidities and global cognition were significant determinants of total HRU at 12 months. Conclusion MCI status was a determinant of HRU at 6 months among older adults with a history of falls. As such, efforts to minimize health care resource use related to falls, it is important to tailor future interventions to be effective for people with MCI who fall. Tri al re g i s t r a t i o n Clini calTrials.gov Identifier: NCT01022866.
Introduction
Falls and injuries resulting from falls in older adults are a costly public health problem [1] [2] [3] [4] , but national burden of disease data come with a wide range of estimates. At the low end, falls were estimate to cost >$9 billion in the US (2008 prices) [5] . However, other evaluations of US$75 to US$100 billion put falls as the most costly injury among older people. This phenomenon, that fall-related costs are great but that estimates vary, is seen in other countries where data exist.
For individual fallers, estimates of health care utilization costs also vary widely. This is not surprising as the clinical scenario around a fall can vary from a mild loss of confidence to significant trauma without long-term disability, and not uncommonly to serious hip fracture and death. In keeping with these varied outcomes, the cost of falls per person ranges from $2000 USD to $43,000 UDS depending on fall severity and whether hospitalization was required [5, 6] .
We previously reported some specific health care utilization costs of falls in Canada [7] . Falls and fall-related injuries account for 10-15 % of emergency department presentations and 6 % of hospital admissions of those aged 65 years and older [8, 9] . Common diagnoses for fall-related injuries are fractures and lacerations [7] . Canadian emergency department fall-related presentation had a mean cost of CAD$11,408 (SD, $19,655) [7] . Hospital admission for fall-related injuries cost CAD$29,363 (SD, $22,661); hip fractures cost $39,507 (SD, $17,932) [7] . One way of capturing the major categories of costs in this setting is to divide costs into those associated with (i) health care professional services, (ii) hospital visits, and (iii) laboratory investigations/imaging).
For researchers, hospital administrators, and government policy makers to better understand ways to mitigate the cost of falls, there is a need to connect demographic and clinical/ laboratory data (inputs) with falls costs (outcomes). Few studies have reported detailed clinical characterization of fallers with their fall-related health resource utilization accurately, prospectively, and for a clinically relevant period (e.g., 12 months). Ideally, such a study would measure key risk factors for falls including impaired physiological function [10, 11] . With the increasing recognition that even mild declines in cognitive abilities among older adults without a diagnosis of dementia (i.e., mild cognitive impairment) is associated with increased falls risk [12, 13] , cognitive status (i.e., mild cognitive impairment (MCI) or non-MCI) may be a significant driver of health resource utilization.
To address the fairly limited knowledge base around the determinants of costs of falls in older people who have already fallen and are at increased risk of further injury including fracture, we designed a study to carefully characterize a cohort of older people who had a fall (inception cohort) and to accurately characterize their health care utilization over two time points in a 1-year follow-up period. Our specific objectives were to (1) detail the 6-month and 12-month prospective costs incurred by older fallers based on three specific categories of health care resource utilization (health care professional, hospital admission, and laboratory tests/investigations); (2) examine the trajectory of health care utilization across the period-do patients deteriorate (become more costly, require transfer?) or do they Brecover^(i.e., appear to reduce their costs in the second halfyear); and (3) identify the key determinants of health resource utilization, with a specific focus on MCI status. We anticipated that these novel data would contribute to identifying the cluster of clinical features that might identify the Bexpensive faller.Ŝ uch a scenario might contribute to allowing hospitals to plan (cost allocation, case mix), clinicians to consider targets for intervention (if amenable), and researchers to focus on preventing falls among high-cost older fallers.
Methods

Study design
We conducted a longitudinal analysis of a 12-month prospective cohort study at the Vancouver Falls Prevention Clinic (www.fallclinic.com) from June 7, 2010 to October 24, 2013. Participants received a comprehensive assessment at the Vancouver Falls Prevention Clinic at baseline and 12 months.
Participants
All participants in this study had experienced a minimum of one minimal displacement non-syncopal fall in the past 12 months [14] . Fall history was determined from two sources: (1) participant recall and (2) participant's immediate family member or friend recall.
The sample consisted of 319 (available case analysis, note that the sample varies based on analysis) women and men referred by their general practitioner or emergency department physician to the Vancouver Falls Prevention Clinic. From June 2010 to October 2013, all patients presenting to the Vancouver Falls Prevention Clinic were invited to participate in a cohort study. Community-dwelling women and men who lived in the lower mainland region of British Columbia were eligible to be seen at the Vancouver Falls Prevention Clinic and thus eligible for study entry if they 1. were adults ≥70 years of age referred by a medical professional to the Falls Prevention Clinic as a result of seeking medical attention for a non-syncopal fall in the previous 12 months 2. understood, spoke, and read English proficiently 3. had a Physiological Profile Assessment (PPA) [15] fall risk score of at least 1.0 SD above age-normative value (i.e., impaired) or Timed Up and Go (TUG) Test [16] performance slower than 15 s or one additional nonsyncopal fall in the previous 12 months 4. were expected to live for at least another 12 months (based on the geriatricians' expert opinion) 5. were able to walk 3 m with or without an assistive device 6. were able to provide written informed consent
We excluded those with a formal diagnosis confirmed by a physician of neurodegenerative disease (e.g., Parkinson's disease) or dementia, patients who recently had a stroke, those with clinically significant peripheral neuropathy or severe musculoskeletal or joint disease, and anyone with a history indicative of carotid sinus sensitivity (i.e., syncopal falls). We highlight that exclusions for this study were based on clinical grounds. The Falls Prevention Clinic serves to treat older adults at risk of impaired mobility and functional decline.
Ethical approval was obtained from the Vancouver Coastal Health Research Institute and the University of British Columbia's Clinical Research Ethics Board (H09-02370). All participants provided written informed consent.
Measures
For participants in this cohort, we report the following measurements relating to mobility and cognitive function. These measurements were collected at baseline in conjunction with the patient's index visit at the Vancouver Falls Prevention Clinic.
Comorbidity, activities of daily living, and depression
Functional comorbidity index (FCI) was calculated to estimate the number of comorbidities associated with physical functioning [17] . We used the Lawton and Brody [18] Instrumental Activities of Daily Living (IADLs) Scale to screen for impaired IADLs. This scale subjectively assesses ability to telephone, shop, prepare food, housekeep, do laundry, handle finances, and be responsible for taking medication and determining mode of transportation. We used the 15-item Geriatric Depression Scale (GDS) [19, 20] to indicate the presence of depression; a score of ≥5 indicates depression [21] .
Balance and mobility
Mobility and balance were assessed using the Short Physical Performance Battery (SPPB) [22] and the Timed Up and Go (TUG) Test [23] . For the SPPB, participants were assessed on performances of standing balance, walking, and sit-to-stand. Each component is rated out of 4 points, for a maximum of 12 points; a score <9/12 predicts subsequent disability [24] . For the TUG, participants rose from a standard chair, walked a distance of 3 m, turned, walked back to the chair, and sat down [23] . We recorded the time (s) to complete the TUG, based on the average of two separate trials. A TUG performance time of ≥13.5 s correctly classified persons as fallers in 90 % of cases [23] .
Physiological falls risk
Physiological falls risk was assessed using the short form of the Physiological Profile Assessment (PPA). The PPA is a valid [58, 59] and reliable [60] measure of falls risk. Based on a participant's performance in five physiological domains-postural sway, reaction time, strength, proprioception, and vision-the PPA computes a falls risk score (standardized score) that has a 75 % predictive accuracy for falls in older people [10, 11] . A PPA Z-score of ≥0.60 indicates high physiological falls risk [25] .
Global cognitive function and MCI status
We assessed global cognition using the Mini Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA). The MMSE is scored on a 30-point scale with a median score of 28 for healthy communitydwelling octogenarians with more than 12 years of education [26] . The MMSE can be used to screen for cognitive impairment (i.e., MMSE <24) [26] . The MMSE may underestimate cognitive impairment for frontal system disorders because it has no items specifically addressing executive function [26] .
The MoCA is a brief screening tool for MCI [27] . Using a cutoff of 26, the MoCA had a sensitivity of 90 % to detect MCI and a specificity of 87 %. It is more sensitive than the MMSE in detecting mild cognitive impairment [27] . It is a 30-point test covering eight cognitive domains: (1) attention and concentration, (2) executive functions, (3) memory, (4) language, (5) visuo-constructional skills, (6) conceptual thinking, (7) calculations, and (8) orientation. Scores below 26 indicate possible MCI. A bonus point is given to individuals with less than 12 years of education.
Executive function
To capture the three key distinct executive function processes, we measured (1) selective attention and conflict resolution (or response inhibition) [28] , (2) set shifting, and (3) updating (or working memory). We used (1) the Stroop Test [29] to assess selective attention and conflict resolution, (2) the Trail Making Tests (parts A and B) to assess set shifting [30] , and (3) the Verbal Digits Forward and Backward Tests to index working memory [31] .
For the Stroop Test [29] , participants first read out words printed in black ink (e.g., BLUE). Second, they named the display color of colored X's. Finally, they were shown a page with color words printed in incongruent coloured inks (e.g., the word BBLUE^printed in red ink). Participants were asked to name the ink color in which the words were printed (while ignoring the word itself). We recorded the time participants took to read the items in each condition and calculated the time difference between the third condition (Stroop 3) and the second condition (Stroop 2). Smaller time differences indicate better selective attention and conflict resolution performance.
For the Trail Making Tests (parts A and B) [32] , participants were required to draw lines connecting encircled numbers sequentially (part A) or alternating between numbers and letters (part B). The difference in time to complete part B and part A was calculated, with smaller difference scores indicating better set shifting performance.
For the Verbal Digits Forward and Backward Tests [33] , participants repeated progressively longer random number sequences in the same order as presented (forward) and the reversed order (backward). Successful performance on the verbal digits span backward test represents a measure of central executive function due to the additional requirement of manipulation of information within temporary storage [34] . Thus, we subtracted the verbal digits backward test score from the verbal digits forward test score to provide an index of working memory with smaller difference scores indicating better working memory.
Primary outcome measure-costs
The primary outcome variable of interest was health care resource utilization (HRU). We used a questionnaire to track total health care resource utilization prospectively for each participant over the 12-month study period [35] where entry into the study followed (within the past 12 months) a fall that led to Falls Clinic referral. Using a 6-month recall period, we collected these questionnaires at 6 and 12 months. The major resource categories were (1) any visits to health care professionals (including general practitioners, specialists, physiotherapists etc); (2) all visits, admissions, or procedures carried out in a hospital; and (3) laboratory and diagnostic tests. Our base case analysis considered the costs of delivering the program and all HRU.
For each component HRU, we assigned a unit cost. All costs for admission to hospital were based on the fully allocated cost model of a tertiary care hospital, Vancouver General Hospital. For unit costs of health care professionals, we based costs on fee for service rates from the British Columbia Medical Services Plan 2009 price list. Unit costs for specialized services such as physiotherapy, chiropractic, or naturopathic medicine were taken from the BC Association website for each specialty. We did not have access to the actual cost of each item of HRU and therefore assigned a unit cost specific to the health professional seen, or procedure or laboratory test performed. We inflated or deflated (where appropriate) costs to 2013 Canadian dollars using the consumer price index reported by Statistics Canada. Discounting was not relevant given our analytic time horizon was less than 12 months.
Grouping
We used the MoCA score (scoring range 0-30) to divide participants into two groups: (1) no MCI (i.e., MoCA score ≥26; reference group) and (2) MCI (i.e., MoCA score <26).
Statistical analyses
Data distributions were initially examined using visual inspection of histograms and computation of skew and kurtosis values. Bivariate correlations of baseline variables collected at the Falls Prevention Clinic were computed to determine the strength of association with the key predictors (i.e., total health resource utilization at 6 and 12 months). In all instances, health resource utilization variables were the dependent variables. The subcategories of health resource utilization included resource utilization related to (1) health care professional visits, (2) admissions to hospital, and (3) laboratory tests/ investigations.
For the main analyses, multiple linear regression models were constructed using the STATA 13.0 regress procedure. All of the HRU data were significantly skewed and, thus, all health resource utilization variables were log-transformed. Because completion rates for the dependent and independent variables varied slightly, the number of individuals included in each linear model differed slightly (as noted in the tables). Visual inspection of histograms of the model residual values demonstrated that the residuals were normally distributed and that there were no outlier cases that would unduly influence the model parameters. A separate linear regression model was constructed for each predictor variable. In all models, age, sex, comorbidities, depression status, and activities of daily living were forced into the model regardless of statistical significance based on evidence-based biological relevance. Due to significant positive skew (skew and kurtosis >|1|) of the all HRU variables, all HRU scores were log 10 -transformed.
Results
Participants
Of the 319 participants who were included in this cohort study, 64 had no MCI and 255 had MCI. Table 1 reports descriptive statistics of all available cases at baseline for our variables of interest for this cohort. At baseline, the two groups (i.e., no MCI versus MCI) demonstrated statistically significant differences on the following variables: age, sex, MMSE, MoCA, and DSST. Table 2 reports the mean HRU per participant at 6 and 12 months. Overall, the mean costs incurred at 6 and 12 months were not significantly different (i.e., comparable costs were incurred during the first 6 months compared with the latter 6 months). Admissions to hospital accounted for the largest proportion of total mean costs. Laboratory test/investigations accounted for the smallest proportion of total mean costs. This trend was consistent regardless of cognitive status. Between those with MCI and without MCI, there were no statistically significant differences on any of the HRU variables collected. The HRU variables presented in Table 2 are the non-transformed values. The median (IQR) HRU at 6 months was CAD$960 (1456) and at 12 months was CAD$930 (1422) per participant. The median (IQR) HRU for the three subcategories, (1) health care professionals, (2) admissions to hospital, and (3) laboratory tests/investigations, respectively, at 6 months was CAD$ 641 (714), CAD$ 96 (449), and CAD$ 71 (132) and at 12 months was CAD$ 644 (764), CAD$ 97 (494), and CAD$ 41 (109) per participant. Table 3 reports the prospective falls including frequency of falls over 12 months, indoor/outdoor falls, and injurious falls classification. Participants demonstrated a trend to experiencing more indoor falls than outdoor falls. Participants who incurred a fall were more likely to have a non-injurious or mild injurious fall. Table 4 reports the linear regression models highlighting key drivers of HRU at 6 months (n=188). Global cognition, comorbidities, working memory, and cognitive status (MCI versus no MCI ascertained using the MoCA) were significant determinants of total HRU at 6 months. Group status (MCI versus no MCI) was a significant predictor of HRU at 6 months but not at 12 months. The number of medical comorbidities and global cognition were significant determinants of total HRU at 12 months after adjusting for known covariates.
Discussion
Our 12-month prospective study among older adults with a previous history of falls provides novel evidence that cognitive status (i.e., the presence of MCI) significantly predicted increased health resource utilization at 6 months after adjusting for known covariates. The presence of MCI and working memory at baseline did not predict health resource utilization at 12 month after adjusting for known covariates. However, global cognition (ascertained using the MMSE) and comorbidities remained significant determinants of health resource utilization at 12 months. Our findings indicate that the first 6-month period after the geriatrician's clinical assessment may be an important window to intervene for these patients to attempt to reduce costs. In practical clinical terms, the geriatrician usually assessed the patient within 2 months of the index fall, so our study suggests that prompt clinical assessment and then intervention may be warranted.
Although not significant, there were substantial differences between groups (i.e., no MCI versus MCI) based on admissions to hospital in the first 6 months post-baseline assessment at the Vancouver Falls Prevention Clinic. Specifically, the MCI group incurred approximately double the mean costs compared with the Bno MCI^group. At 12 months, a similar trend was observed where the mean costs incurred by the MCI group were approximately 1.5 times greater than that of the Bno MCI^group.
The Central Benefit Model (CBM) conceptual framework proposed by Liu-Ambrose et al. [36] provides a framework to discuss our finding that MCI predicted increased health resource utilization among fallers. Our data demonstrated that working memory and cognitive status (MCI versus no MCI ascertained using the MoCA) were significant determinants of total HRU at 6 months. Working memory is an executive function and the MoCA includes several executive function components. The Central Benefit Model highlighted that reduced executive functions may increase an individual's likelihood of sustaining future falls through four possible and/or interrelated pathways. These included (i) impaired balance and gait secondary to reduced attentional capacity, (ii) impaired central processing and integration, and (iii) impaired execution of postural responses. Further, reduced executive functions may increase falls risk through (iv) deficits in judgment and decreased self-regulation. Falls risk may be increased indirectly via secondary disruptions in executive functions-related behavior, such as a loss in motivation and initiation. Additionally, impaired balance and gait and loss of motivation and initiation may lead to further reductions in executive functions. In this study, we saw that group allocation (MCI status) and executive functions (i.e., working memory) significantly explained significant variation in total HRU at 6 months. Global cognition remained a significant predictor of HRU at 12 months. Given that we are already dealing with a population of individuals who have experienced a fall in the past 12 months and that the observed falls frequency (i.e., number of falls ascertained prospectively) did not significantly predict health resource utilization at 6 or 12 months, our data indicate that cognitive status trumps fall status in predicting health resource utilization. These data extends the CBM conceptual framework in providing new evidence that cognition plays a key role in predicting HRU among fallers. In line with this evidence, the incidence of falls among individuals with cognitive impairments is estimated at twice that of cognitively intact older adults [12] . Individuals with MCI have greater falls risk and perform more poorly on measures of executive function [37] compared with individuals who do not have MCI. The underlying basis for why individuals with cognitive impairment experience more falls and whether or not they experience most expensive falls is still not well understood; however, one likely contributor is reduced cognitive resources. We postulate that cognitive resources are required to maintain postural stability while integrating musculoskeletal and sensory systems to plan movements and successfully adapt to changing environmental demands [38] . An inability to cope with such demands may result in instability, poor motor control, and consequently falls. Falls in turn will leave to further health resource utilization. Interestingly, we found that falls frequency (i.e., number of falls ascertained prospectively) did not significantly predict health resource utilization at 6 or 12 months. We also did not find a significant difference in the frequency or severity of falls between the groups. The falls rates observed in this study were comparable to previously published cohorts [39] . One potential reason for this is that all individuals in this cohort study had sustained at least one fall in the past 12 months at baseline so we were already dealing with a population of Bfallers.^As such, our data suggest that MCI and impaired executive functions drive hospital admission costs which in turn account for the largest proportion of health care resource utilization. Based on our findings, we pose the following question as a future research direction: Given that falls alone did not predict total HRU at 6 and 12 months, is it possible that the greatest gains in terms of costs and health outcomes (i.e., consequences) could be achieved through intervening first on cognitive outcomes as a means to maintain or improve older adults mobility?
We acknowledge the following limitations of our study. First, there were missing data that could influence the interpretation of the results. It is possible that individuals who did not complete the cohort study were different that those who did. Further, future research should explore whether these overall findings are restricted to those with impaired mobility (i.e., moderate to high falls risk) or if these findings can be extended to a general population.
In conclusion, in our 12-month prospective study, we found that cognitive status-presence of MCI-significantly predicted health resource utilization at 6 months. Future research is needed to further understand the interplay between mobility and cognition. Given that MCI status more strongly predicts HRU at 6 months compared with prospective falls, it may be critical to target future inventions aimed at preventing falls also at combating cognitive decline in order to achieve the most efficient health and economic gains. This hypothesis needs to be explored further in this population so that we can appropriately design interventions to most effectively maintain and improve mobility among older adults. In summary, this study provides initial direction for future interventions aimed at reducing the costs and consequences of falls to also target specifically those subgroups with impaired cognitive function (i.e., people with MCI who fall).
